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VAGRNETIC AMPLIFIER SERVO COMPENSATION

INTRODUCTION

1. The half-wave, bridge-type magnetic amplifierl reaponds
equally well to a-¢ (modulated carrier) or d-¢ (modulatiocn-
frequency) signals; and the output ig phage-reversible,
pulgating 4-c. PBoth the d-¢ and s-¢ components of the oubpub
are lipearly related to control voltage. The galn of interest
in the followiny derivations is the d-¢ galn (d-e¢ voltas out
divided by d-¢ wolts in). This steady atate d-¢ gain will be
designated Kp.

2. This hali-wave amplifier hags a time delay dependent only
on the number of stagest; therefore, the smplifier transfer
funetion for voltages of modulation frequency, o, 1s:

T e Bge (1)

Ky = Kpe
where T, ig the time constant determined by the nuwber of
stages %m the amplifier. This time constant ig one eyele of
the supply frequency Ffor the first stage and one-hall cyele
for each additional stage. For a two-sbage, 400-cycle ampli-
fler the time constant ia:

Ty = 3.75 mlllisecond Eg. {e}

3. In the reglon of frequencies in which the phase angle,
Tawsy, 18 swall the assumption can be msde that

Ky = Kp Rg. {3)

In & two-stage, %00-cycle amplifier, the phase shift at a
glgoeal frequency of 100 radizns per second is approximately
20 degreens. For Crequencies below 100 radians per second;
the phage shift 1s sssumed to be ero, remembering that sowme
gwall ervor will be introduced by this assumption.

%o The maioc of a half-wave, bridge type smplifier is greatest
when the conirol sourcee lmpedance is the smallest possible,
For many servo applications,; the amplifier mugt he operabted
from a control transformer. The load impedance on the oubpub
of the control transformer iz freguently requlred to be at
leas®t 10,000 ohmg. Auplifiers of The above type are usually
designed, therefore, with a 10,000 ohm resglistor in serieg

with the laput windings ln which ease the d-¢ input resistance
la very uneavly 10,000 obhng sionge the d-e rezpintance of the
conbrol windings s ususlly wuch smaller than thls value.

.,
Ld
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5. When the sutput of the anplifies 18 fed hack thyough a
vesictance capacitance network as shown in Llgure 1, only the
d-¢ component of the amplificr output will appear across Lhe
eapaciitor if the RC tiwme counstant 18 long compared to Che
porled of the supply volbage and the awplifler lupub reaiitancs
does not load the RC retwork too severely. When there in sonme
tooding of the network by the amplifier input resistanc: the
feedback function will be changed from that of @ slmple i
netwerl,  Whether or net there L8 loading of the networ:s the
capacivor voltage is the lnput voltage to the amplifiecr «rom
the feadback network; therefore, from figere 2 1o lg avew thet
the feadback function of figure 1 ls:

Ey ST Djw+l

where @ = Re/(R+Re), T = RC, and Rg is the amplifier lnput
resistance. Uslng the above walue of feedbuck function, che
elosed loop trensfer function of figure 1 im:

Eg *_ Kp{or Tiwel) Eeo (5}
Ey o T+l 2erKyp ) ’

lead Network

6. When the feedback of figure 1 iz negabive, equation (5}
reduces Lo

Kp
Eo _ TF& KD (o5 T a1 )
Eg AT

iR kg o™

Bg. (6)

This is a lead eireuit® with lewer break frequency 1/4C T,
break-frequency spread (l+xkp), and zero Irequency galn
Kn/(1+x Kp). This valve of céro-frequency gain is based on
the sssumption that the only usable cortlon of the ocutpub ia
the d-¢ component. The outpui of this network 18 actunlly
pulsating d-¢; consequently, when the output of this network
is fed directly inteo the luput of & half-wave amplifier,
which respondg to hobh d-¢ and fundamental a-~c¢ components,
the zero frequency gain will be somewhat greater than that
indicated by equation (6).

T. Since this network will respord equally well to z-¢ or

d-¢ inputz, and gince The output contalns both a-e snd d-o
components, 1t is & ugeful and vergatile zervo bullding hlock.
By using the approprizte component of the output for & gliven
input; a-¢ opr d-g, it is sgeen that this nebwork can be used
as a modulator, demodulator, s-¢ smpiifier, or d-¢ amplifier
each with the same lecad echoractsvintle glven by the freqguency-
variant porticu of equatlon {(&).

-
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8 Shovt v Slgure % oape caloulabed and measwred guxen of
v irequn aey veriant porticn of equation {G). The agresemauns
I oy gudd except at bigh frequenclesn whera the phase shlft
Iy the smplifier, neglected in the analysis, introduces
eonislograhie error. From the results of figuee %, 1t Tu ieew
LU owhe charaoterigcices of puch a network ean be pred rvzd
ol simple servo theory with subficient accuraey Lo wnti
gorwg asslgn problems.  Such & network has been sugcer. ™ Ly
ared o compensate a practlceal servo sysbem.

2. One ceutlon muat be observed when auging this lead network.,
Yhan the phase shilt around the loop i 180 degrees, the loop
za .0 mast be less than one to insure stabllity. The eomplex
loop gala iss

. e L

e | ocKpe  VAY e

E. " RTER Fa
& R &

For a orectiesl celrauit, 180 degress phase ahift will ceour
wheprs:

o w3 L Eg. (8}
whiceh case the phase =2hift of the denowioator of equation

in
(7) l& very nearly »/2 radlans. Ia view of this, the ghase
ghift of 180 cegrees w«ill oceur when;

TA@-” = -2-' . h(’,’* (9{;

At the fregueney determined by equatlon {9} the magnitude of
Ep/f: must be less than one, hense:

XDy B, (10)
D

Equations {9) and {10) sct the lowsr 1limit on the time constsab,
Ty, that caa be used with & given amplifier galn, Kg, to insure
& stable lzad nstworlk,

lag Networlk
10. When the feedback in flgure 2 is uade positive and tae

zero-fregueney loop galn, ot Kp, 18 less than one, eguation (5]
becom2a;

- By
_}ég - Y ( G TJL&‘A’“}'l) i { ' )
By CT . josl |

1 mEn

This 12 seen to be 2 lag vetuorh with opoer break freguency
1/ T, break-frequency srvea. 1/{1L S Kp), 6 zsro freguency
gain Kn/{1- «En],
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13, “Ihis lag network, Like the lexd network oizcussed pre- ;
glously. ia a versatlle servo bullding block. For the rissony :
given greviously. this lag network can be used for wodulablon, ?
demodnlation, a-e¢ ampiification, or d-¢ amplificatlon.

12, g before, the zevo-frequency gain given by equeticos {(11;
. 1 the basla of the d-¢ component of the output. IFv ~obth
¢ woand 2 oo components of the cutpub are used, ag in ¢ L ing
arovher magnetie amplifier, the zero-freguency galin wiii ue
gsemaiat higher than that indleated by eguation {11).

12, If a gilven amplifier hasg sulflclent gain that G&KP (]
greater thai one, the sircuit configuration of figure 4 gan
be used to obizin the proper lag characteristic while kzeping
the maxlmum posslible zero-freguency galn. In thia case,
referring Lo figure 4, the Peedback function ig wnow:

: L .. Eq. {12
Fe o TJorl 1 (12)

where Ot = Ro/(Ry+Rpl. OF course, the total resistance (Rj+Hp) !
must be much less than R for the above expression to hold,

The output impedance of the wmagnetie amplifier 1 sulfliclently
low that thie condition is easily met In any practical case.
Ualng the circullt of Ligure %, we ses that the transfer function

i now:
Ep .
e I
Bo . s () Bg. (13)
Eq et soed ’ ‘
1-ReqKp 0T |

The detalls of this lag funciion are very similsr to thoze
of equation (11).

1%, Shown in figurs 5 are measured and caleunlated curves of

& typieal lag funetion as given by egquation {11} or {13}.

Once again the sgreement betwesn curves 13 good exeept that

for higher freguencles the eprror between caleulated and

measured phasge angles becomes appreciable aue to the assumption

of negliglble amplifier phase shift in the caleulations. This :
cireult has been used successfully to ralse the veloclty |
constant of a servo without appreciably affeeting the servo

bandwilidth.

Imtegr&tof

15. When the feedback of figwre 4 is positive and the faector
AR 1Kp 18 equal to one, the over-all transler functloo from
equation (5) ia:

Eo _ EKp{eiTjatl)

ot

Eq =N T o

g, (14) o

L
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Foo freguersiss, o, sagh thet

A Ta S, Eae (15)

the a2irsult deseribed by equetion {(L4) le =n ictegrator with
the srassfer funcetion:

gy K _
o E AT
g TG (

Whan & steady signel is pubt into tnis clreulv, the oultypn i,

being proportional to the integral of the Ilnput sigeal, «111

bulld up until the awmplifier sabtwrases. Heoes, & congbant

oubpui. voltage ig obbtained from this glrewit only when the

incut voltage is zerc. Thisg type ol irapafer functlon when

placad in a servo 1oop with the proper types of stablliratlion

will yield & zero-velogity-error syutem., Sush a aysten,

having the bleoek diageam shown in flgure O, hag been sncuesarully ‘
synthesized, ’

Jooetupimm
16. The teshniques described above ave useful In vacuum tube
servo gysbems as well as in megnetis puplifier servo systems.
The usefulnsss 18 evhanced by the ease with whileh clreuit '
characteristices can b2 computed with suificient accuracy for
design purpnses.

17. Vhen these desiga methods are used with hall-wave brldge
type magnetlc awplifizra the resulting coupensation networks
can be used with any combinatlon of s-¢ andg/or d-e input,

and a-¢ and/or 4-¢ cutput. These networks zre only as sensitive

to line volbage snd freguency verlatlions as the amplifier uaed

in the network. When the amplifler componenis are properly A
mabtohed, tha awmplifier i3 extremely ilusenaiitive to these '
vayriations, -

L]

o

N\
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